Time correlation functions for gases of linear molecules in a static homogeneous magnetic field are derived from the set of transport relaxation equations obtained from the linearized WaldmannSnider equation. In particular, the complex auto-and cross correlation functions of the friction pressure tensor and the tensor polarization are considered. They are of importance for the viscosity, the depolarized Rayleigh spectrum, and flow birefringence. For the gases HD and C02 their real and imaginary parts are plotted as functions of a reduced time and discussed. Lastly, the influence of a constant magnetic field on the flow birefringence property of a gas of linear molecules in a Couette flow arrangement is treated. The principal axes of the dielectric tensor are rotated about the field direction. For two field orientations the respective angles of rotation are determined. The eigenvalues of the dielectric tensor reveal the tendency of the optical and transport properties of the gas to decouple for increasing field strengths.
Introduction
Transport-relaxation equations for the macroscopic variables characterizing the nonequilibrium state of a gas can be derived from a (generalized) Boltzmann equation by application of the moment method. For monatomic gases this has first been achieved by MAXWELL 1 . Later, the method was extended by GRAD 2 . For gases consisting of particles with internal degrees of freedom this solution procedure has been used extensively by WALDMANN 3 and coworkers 4 . A large number of transport and relaxation phenomena have been treated by this approach.
Particular mention should be made of the influence of external fields on transport properties (SenftlebenBeenakker effects 5 ), magnetic relaxation 6 , and light scattering 7 .
Since the work of KUBO 8 (cf. 21 ).
I. Transport-Relaxation Equations and Time Correlation Functions
To establish a formal relation between the solution of the transport-relaxation equations and the time correlation functions, it is first outlined how these differential equations are derived from a kinetic equation for the one-particle distribution func- 
The an are macroscopic variables characterizing the deviation of the gas from its equilibrium state. 
the resulting TRE are 3°; +I£nn'O*=0.
The formal solution of this system of differential equations can be written as
Notice that £ and consequently also £n"' contain a gradient operator acting on an• (t, X) which stems from the flow term. In Eqs. (4) an(t) = (0n0(t))o.
Now, the formal solution of Eq. 
where the are defined by <ZV(')=exp{-£*}<Zy.
Thus, alternatively to the conventional approaches 
3aT/3* + WHH -aT + a" + co? aT = 0, A moment's reflection shows that due to the term with V^ the set of Eqs. (14), (15) is inhomogeneous which seems to be in contrast to Eq. 
(16)
The fourth rank projection tensors P^ derive from the Hamilton-Cayley equation for H, cf. Ref. 14 . Applying these projection tensors to Eqs. (14), (15), the TRE read:
where the property P^ : H = i m P^ was used.
As outlined in the preceding section, the correlation functions of interest can be obtained from the solution of Eqs. (17), (18) according to
Here C™ (t) and C ( T W) (*) are the autocorrelation functions for the dimensionless friction pressure tensor and the tensor polarization; their cross correlation function is C^\t) = Cy'^ (t). The time Fourier transform of Cx () determines the spectrum associated with the depolarized Rayleigh scattering 7 in the high pressure case. The viscosity coefficients rj ( ' n) and the flow birefringence coefficients ß (t "\ defined by
where p is the friction pressure tensor and e is the symmetric traceless part of the dielectric tensor, are related to the time integrals of C^n ) and CtfP in the following way (25) we obtain a pair of coupled linear equations for a"(s) and aT(s) which after straightforward alge- (27) In these equations we have 
and rp is the angle through which the rotational an- 
0 Equation (35) will be used in Section III.
b) Graphs and Discussion
For both the gases HD and C02 the coupling constant R^ = oj^/oj, is of the order 10" 2 (cf. Ref. 7 ).
Consequently, it proves instructive to expand the correlation functions, Eqs. (32) 
Re Ct !) (t) =e" T cos mcpx + 0(R 2 T), 
where
Equation (36) where z is the direction of the axis of quantization.
In our case we have TV + 1 = N_ i = 1/2, A^, = 0. In the course of the precession of the J's about the field direction h, a configuration will repeat itself after turning through an angle qsuch that mcp^ = 2 ti.
Pictures for m = 0,1,2 are shown in Figure 2 a.
Notice that m = 0, ± 1, ±2 corresponds to the cases where h is parallel to the z axis, and makes an angle Fig. 7 , except that the gas is C02 . 
III. Flow Birefringence in a Magnetic Field
The phenomenon whereby a gas becomes birefringent due to the presence of a flow velocity field (or a sound field) has been discussed by HESS 7 and experimentally observed by BAAS 17 . We extend the treatment here to the case where a constant magnetic field is present. The point of departure is the constitutive relation, Eq. (22), which can be written here as r-, , +2
e=-2ß:Vv=-22 ß {m) P (w) : Vv,
where ß now is the fourth rank "flow birefringence tensor" and ßW is given by Equation (24) . Evaluating the integral in Eq. (24) 
we can rewrite Eq. (45) as
Since the ratio Avt is of the order of 10 -3 , its appearance in the radical and in the exponent of these last equations has been neglected to a very good approximation. The quantity ß is the scalar "flow birefringence coefficient" 7
where the zero field viscosity is
In the absence of magnetic fields ß becomes a product of the scalar ß and the unit fourth rank tensor.
In order to obtain explicit expressions for the index of refraction differences we make recourse to 
In both situations the principal axes 60, 6± reduce to Eq. (51) when the magnetic field becomes zero.
The rotations are shown in Figure 11 . 
The rotation of the axes as shown in Fig. 11 is also experimentally detectable. 
where D = c • E is the displacement vector and E is the electrical field vector, was employed. Quadratic terms G 2 ß 2 were discarded, and the approximation n\ -nL = (n + + n_) (n+ -n_) (n+ -n_) was made. It follows then from Eqs. 
Appendix

Connection between Transport Coefficients and Time Correlation Functions
It is briefly outlined, how the relations between transport coefficients and correlation functions, Eqs.
(21), (22) , can also be derived from the moment equations (14) , (15) . Having solved the homogeneous Eqs. (17) , (18), we obtain readily the solution of the inhomogeneous equations (14) , (15) A new variable r = t -t can then be introduced which permits V^ to be removed from the r-integration. For t cojj" 1 , cof 1 , o)^1, the upper limit in the r-integration can be replaced by infinity. 
